This study reports on the investigation of the conformability and photo and electron beam (EB) patternability of a poly-glycidyl methacrylate (PGMA) film formed by initiated chemical vapor deposition (i-CVD). It is demonstrated that the PGMA film can be conformally deposited on a Si trench structure via i-CVD.
INTRODUCTION

In the fields of MEMS (Micro Electro Mechanical
Systems) device development, conformal coating technologies of photo and electron-beam (EB) resist to a non-planar surface have been required for various applications. For example, spray coating [1] and dip coating [2] of photo resist have been used for wiring on a sloping surface and cylindrical substrate to develop a packaging technology and medical catheter and so on. In the case of EB resist, dip-coating was employed to fabricate antireflection sub-wavelength structures on microlens array [3] . These techniques achieve uniform resist coating on the non-planar surface relatively compared to spin coating. However, the flowing effect of the resists due to liquid phase process is not solved inherently even if these techniques are employed. Thus, it is not so easy to coat the resists uniformly on a three-dimensional (3D) structure. In particular, it is extremely difficult to coat on a deep trench structure without the film break on the comer and the resist puddle on the bottom. In addition, in the case of spray coating, many parameters such as work temperature, work scanning speed, scanning repeat count, distance between a spray nozzle and work etc. must be optimized depending on the material and substrate shape of the work.
So far, resist coating technologies using chemical vapor deposition (CVD) have been reported [4, 5] . It is expected that CVD can provide good uniform or conformal step coverage of a trench structure. For example, organosilicon as deep-ultraviolet (UV) resist was deposited by plasma-enhanced CVD [4] . However, in this case, selective remove of the silica pattern is not easy 978-1-4577-0156-61111$26.00 ©2011 IEEE 994 without damage of other materials. Although poly-methyl methacrylate (PMMA) as EB resist was also deposited by plasma polymerization [5] , this method easily causes undesirous side reaction such as cross-linking. As the result, the sensitivity tends to lower.
In this study, we propose to use initiated CVD (i-CVD) for resist coating. i-CVD is one of the vapor polymerization methods, which is based on radical polymerization with far less energy due to use of a catalytic filament [6] . Thus, it is expected that this method can deposit functional and high-quality resist films on various substrates without undesirable side reactions.
In this study, we deposited a PGMA film as positive deep-UV resist and negative EB resist by i-CVD. The conformability and patternability were evaluated by depositing in Si trenches and conducting pattering tests, respectively.
PGMA DEPOSITION BY I-CVD
PGMA is synthesized from glycidyl methacrylate (GMA) and tert-butyl peroxide (TBPO) as a monomer and initiator, respectively, as shown in Fig. 1 . Figure 2 shows the schematic of a laboratory-made i-CVD setup.
A sample substrate was set on a substrate holder. Then, GMA and TBPO vapors were introduced to the chamber under reduced pressure. These supplied amounts were controlled by modulating the ratio of each partial pressure.
After that, a nichrome wire was heated by applying a current of 1.3 A to generate the radical initiator derived from TBPO. Figure 3 shows the effect of GMA partial pressure/total pressure ratio on the morphologies of deposited PGMA films. These films were deposited under the total pressure of 0.3 Torr for 30 min. In high GMA partial pressure, a powder-like film was formed. It was caused by increase of the collision probability of GMA in vapor phase due to its high concentration. It led to acceleration of the particle growth of PGMA not on the substrate surface but in the gas phase. As a result, the deposited film became the particle-like film. As GMA partial pressure decreased, the roughness of the film decreased. It is also seen that the film prepared in the lower GMA partial pressure was higher dense. It may be attributed to inhibition of the long-polymer-chain growth due to increase of TBPO concentration. In high concentration of TBPO, the amount of the radical species became large. This raised the collision probability of the radical species. As a result, termination of the polymer-chain growth easily occurred, and the deposited film became flat and dense by preventing the granular aggregation of the polymer chains. Figure 4 shows the Tr ansducers'll, Beijing, China, June 5-9, 2011 relationship between GMA partial pressure/total pressure ratio and deposition rate of PGMA. As the partial pressure ratio of GMA increased, the deposition rate became to increase due to increase of the monomer supply. However, in the partial pressure ratio of GMA more than 0.8, a powder-like film was easily formed.
Tert·butyl peroxide (TBPO)
Jo� b 0H Figure   6 shows the micrographs of the trench with the AR of 5.
The thickness on the top side and bottom side were approximately 800 nm and 80 nm, respectively. Figure 7 shows the relationship between the AR of the trench and step coverage. The step coverage is defined as the ratio of the film thickness at the bottom to the thickness at the top.
It is found that the step coverage decreases as the AR increases. However, the disconnection was not confirmed by the microscope observation even if the AR reached 10. Relationship between the AR of the trench and step coverage. The step coverage is defined as the ratio of the film thickness at the bottom to the thickness at the top. It is expected that the pattern resolution can be improved by contact exposure with applying appropriate loading force and using collimated deep-UV light for exposure. IlC/cm 2 at least can achieve the pattern definition by EB lithography. In this experiment, the dose could not be decreased less than 0.01 IlC/cm 2 due to limitation in the EB drawing apparatus. Thus, it is predicted that the least dose amount required for patterning was below the dose of 0.01 IlC/cm 2 . Compared to a previous report [7] , the sensitivity of PGMA in this study was remarkably high.
EXPERIMENTAL RESULT OF DEEP UV LITHOGRAPHY
This phenomenon's mechanism has not been clear. One of the causal hypotheses is that the PGMA film had very large molecular weight. In general, the sensitivity of a negative-type EB resist increases as the molecular weight increases. It is reported that the sensitivity of a PGMA resist with the molecular weight of 500,000 measured approximately 0.IIlC/cm 2 [7] . Thus, PGMA synthesized by i-CVD in this study might have large molecular weight such as more than 1,000,000. 
